Human impact such as forest fragmentation and degradation may have strong effects on native and exotic plant communities. In addition, these human-caused disturbances occur mostly in lowlands producing greater fragmentation and degradation there than in higher elevations. Plant invasion should be greater in more fragmented and degraded forests and hence lowlands should be more invaded than higher elevations. In turn, native species richness should be negatively related to fragmentation and degradation and hence greater in higher elevations within a forest type or elevation belt. We assessed these hypotheses in an Andean temperate forest of southern Chile, Araucanía Region. We recorded the vascular plant composition in twelve fragments of different size, perimeter/area, elevation level and evidence of human degradation (logging, fire, cattle faeces). Based on these variables we performed a fragmentation and a degradation index. Pearson correlations were used to analyze the relationship between all these variables. We found that fragmentation and degradation were positively correlated, and each of them decreased with altitude. Furthermore, fragmentation and degradation affected native and exotic species richness in different ways. Invasion was enhanced by both fragmentation and degradation, and as consequence of the altitudinal patterns of these human-caused disturbances, invasion seems to occur mainly in lowlands. In turn, native species richness decreased with fragmentation, and it was not related to degradation nor altitude.
INTRODUCTION
The temperate forests of southern South America are recognized as a global biodiversity hotspot because of their endemic and endangered biota (Myers et al. 2000) . However, the processes of colonization for agriculture and cattle ranching have strongly degraded and fragmented these forests (Armesto et al. 1998) . These processes of habitat degradation and fragmentation are amongst the top five current threats to biodiversity in Chile (Ceballos et al. 2009 ) as well as globally (Farhig 2003 , Fischer & Lindenmayer 2007 ).
With fragmentation, habitat availability and the area available to native species of the original ecosystems are limited to smaller, often disconnected patches within a matrix of other new habitats (Wilcove et al. 1986 , Saunders et al. 1991 , Fischer & Lindenmayer 2007 . On the other hand, habitat degradation implies both loss of quality and structural changes, which may be caused by human activities such as clearance, selective logging, cattle grazing, and fires (Lindenmayer & Fischer 2006) . Though degradation may occur both in fragmented and continuous habitats, a relationship between fragmentation and degradation has previously been documented; fires, selective logging and cattle have been found more frequently in smaller fragments (Cochrane 2001 , Hobbs 2001 , Jaña et al. 2007 .
Degradation and fragmentation have been frequently related to different changes in plant communities, in particular, declining native species diversity (e.g. Saunders et al. 1991 , Soulé et al. 1992 , Gilliam et al. 1995 , Laurance et al. 1998 , Tabarelli et al. 1999 , Hersperger & Forman 2003 , Lindenmayer & Fischer 2006 , Echeverría et al. 2007 , Schmitt et al. 2010 , as well as increases in exotic species diversity and abundance (Brothers & Spingarn 1992 , Hobbs & Huennecke 1992 , Wilson et al. 1992 , D'Antonio 1993 , Mooney & Hobbs 2000 , Hobbs 2001 , Rouget et al. 2002 , Pauchard & Alaback 2004 , Sax et al. 2005 . These fragmentation effects may be related to micro-environmental changes in the new edges, such as increase of light, higher temperatures and the potential release of other resources (Saunders et al. 1991 , Brothers & Spingarn 1992 , Chen et al. 1995 , Hobbs 2001 ). In addition, Brothers & Spingarn (1992) proposed that decrease in native species in fragmented ecosystems may reduce biotic resistance against further invasion. However, this is clearly not always the case, and there are studies where no invasion has been observed in remnant patches of habitat that keep their internal structure (Teo et al. 2003) . Similarly, habitat degradation has also been documented as a facilitator of exotic invasion. For example, events causing canopy and soil openings may create microenvironmental conditions that stimulate germination and establishment of invasive species (Sakai et al. 2001) . This may also adversely affect native species, especially as exotic species can be more competitive than native species under disturbed conditions, thus further favouring invasion (Brothers & Spingarn 1992 , Hester & Hobbs 1992 , Hobbs & Huennecke 1992 , Sakai et al. 2001 , Teo et al. 2003 . Furthermore, large herbivores (cows, horses, swine, etc.) can also be significant seed vectors of exotic species, and cause large scale modifications in understory vegetation, adversely affecting native species and favouring invasion (Hobbs 2001 , Vázquez 2002 .
On the other hand, human activity tends to concentrate in sites that are environmentally more benign and easier to access, having for instance better weather, deeper and more fertile soils, generally located in lower altitudes. This may produce a non-random distribution pattern of fragmentation, degradation, native diversity and plant invasion (Hobbs 2001 , Lindenmayer & Fischer 2006 , Alexander et al. 2011 . Lower altitude sites, where more productive habitats are found, have customarily been used for farming, logging and urban development, resulting in smaller remnant fragments that are more degraded and invaded by alien species than those in higher elevations (Pauchard & Alaback 2004 , Schmitt et al. 2010 , Alexander et al. 2011 .
In different Chilean temperate forests, previous studies have documented several negative impacts of forest fragmentation and degradation on native biodiversity , Grez et al. 2006 , Echeverría et al. 2007 ). However, little is known about the effects of these human-caused disturbances on plant invasion. Some studies performed in Chile have assessed the impact of fragmentation , Bustamante et al. 2003 and forest degradation (e.g. Pauchard & Alaback 2004 , Becerra 2006 , Fuentes-Ramírez et al. 2010 on plant invasion. Also, some biogeographical studies have correlated exotic species richness with human settlement documenting greater plant invasion where mostly forest fragmentation and degradation has occurred -mainly in the centre-south region (Arroyo et al. 2000 , Castro et al. 2005 . However, in Chile no study has assessed the relationship between fragmentation, degradation and altitude and their effects on plant invasion. In this paper we examined how exotic and native species richness are correlated with fragmentation and degradation along an altitudinal gradient in an andean temperate forest. We expect that fragmentation and degradation will affect positively the exotic species and negatively the native species richness. We also expect that fragmentation and degradation will be greater in lower altitudinal levels and hence that exotic species richness should be negatively and native richness positively related to altitude. As consequence of these trends, we also expect that native and exotic species richness will be negatively related. AREA We selected 12 forest fragments (Table I) on private land estates in the pre-Andean zone of the Araucanía Region, specifically in Cautín, Pucón and Curarrehue districts (39º S, 72º W) (Fig. 1) . The mean altitude of these fragments (average between the higher and lower level of each fragment) varied between 300 and 1020 m a.s.l. (Table I ). The area has deep andisoils or fine volcanic soils with good water-retention capacity and is well-drained (Pauchard & Alaback 2004 ). The climate in this area is temperate-humid, with a short dry season (less than 4 months) and 2,000 mm annual average rainfall, predominantly in winter (Di Castri & Hajek 1976) . Maximum and minimum mean temperatures for the warmest month (January) are 25.3º and 10.4ºC respectively, while in the coldest month (July), maximum and minimum mean temperatures range from 12.1ºC to 4.2ºC (Di Castri & Hajek 1976 Stumps from logging, livestock faeces and fire-signs were also counted in each 5 x 5 m plot. First, we added values of each variable among all plots and transects per fragment to obtain one value per fragment. Then, separately by variable, stump, faeces and fire-sign numbers were indexed from 0 to 1 through the division of their counts per transect by the maximum number recorded among all fragments. These rates were used to build a degradation index by adding values of these three factors. Degradation indexes therefore vary from 0 to 3, where 0 indicates no degradation and 3 is the maximum degradation shown by the assessed variables. In the same way, the patch size and the perimeter/area ratio (one value per fragment) were indexed from 0 to 1 separately through the division of their counts per fragment by the maximum number recorded among fragments. These rates were used to build a fragmentation index by adding values of these two factors. Fragmentation indexes can vary between 0 and 2, being 0 the minimal fragmentation and 2 the maximal fragmentation. An overall number of native and exotic species per fragment was derived from combining the total observed species lists from all 5 x 5 m plots and both transects per fragment.
METHODS

STUDY
STATISTICAL ANALYSES
We first assessed normality distribution of data (Shapiro Wilk's test: Degradation Index, W=0.91, P=0.21; Fragmentation Index, W= 0.90, P = 0.17; Native Richness, W= 0.98, P = 0.98; Exotic Richness, W = 0.93, P = 0.44). Because all data showed normal distribution, statistical analyses were conducted by Pearson correlation analyses using the software Statistica 6.0. The relationships between native and exotic species richness, fragmentation index, degradation index and altitude were assessed using the altitude where transects were sampled (Table I ). The relationships between degradation index, fragmentation index and altitude were assessed using the mean altitude of fragments (average between the higher and lower altitude value per fragment) ( Table I) .
RESULTS
PLANT SPECIES COMPOSITION
The species composition found in the study area comprised 110 species, from 95 genera and 64 families of vascular plants (Table II) . Among these species, 32.7% (36) are herbaceous, 28% (31) trees, 18% (20) bushes, 11% (12) climbers, 8% (9) ferns and 1% (2) parasitic.
Exotic and native species accounted for 15% (16) and 85% (89) of 105 species with known origen (Table II) . The best represented families of exotic species were: Poaceae with 27.7% (5 species), Asteraceae with 22.2% (4 species), Rosaceae with 16.6% (3 species) and Fabaceae with 16.6% (3 species). Exotic species included 72% (13) herbaceous species, 17% (3) shrubs and 11% (2) trees.
The most frequent native species were Aristotelia chilensis Stuntz, Blechnum hastatum Kaulf., Luzuriaga radicans Ruiz & Pav., Rhaphithamnus spinosus (Juss.) Moldenke, Nothofagus dombeyi and Aextoxicon punctatum, all present in more than 80% of fragments (Table II) . The most frequent exotic species were Rubus constrictus Lefèvre & P.J.Müll., Rosa rubiginosa L., Taraxacum officinale F.H.Wigg and Prunella vulgaris L., all present in more than 50% of fragments (Table II) . (Fig. 2) , and a positive relationship between degradation and fragmentation indexes was observed (Pearson, r = 0.75, P = 0.004, N = 12) (Fig. 2) . Finally, fragments with lower mean altitude showed significantly greater fragmentation index (Pearson, r = -0.86, P < 0.001, N = 12) (Fig. 2) .
SPECIES RICHNESS PATTERNS
Total species richness varied from 30 species in the poorest fragment to 57 in the richest. Richness of native species ranged from 27 to 48 species per fragment, while exotic species richness from 0 to12 species per fragment. We found no significant relationship between richness of exotic and native species (Pearson, r = -0.11, P = 0.72, N = 12). Exotic species richness was significantly positively related to the degradation index (Pearson, r = 0.61, P = 0.03, N = 12) (Fig. 3) as well as with the fragmentation index (Pearson, r = 0.66, P = 0.02, N = 12) (Fig. 4) . In particular, a significant positive relationship was found between exotic species richness and the density of domestic livestock faeces (Pearson, r = 0.73; P = 0.01, N =12). Furthermore, exotic species richness was only marginally negatively related to altitude (Pearson, r = -0.52, P = 0.08, N = 12) (Fig. 5) . In turn, native species richness was not significantly related to degradation index (Pearson, r = -0.19; P = 0.54, N = 12) (Fig. 3) nor altitude (Pearson, r = 0.41; P = 0.18, N =12) (Fig. 5) , but it was marginally negatively related to the fragmentation index (Pearson, r = -0.54; P = 0.06, N = 12) (Fig. 4) . 
DISCUSSION
All the studied forest fragments, regardless the size and shape, revealed signs of some anthropic disturbance, such as selective logging, cattle and fires. Thus, the forest landscape in this locality is both fragmented and internally degraded. However, as expected, patches were not evenly degraded, with higher degradation levels observed in fragments with greater fragmentation index. In other Chilean temperate forests, more frequent fire events, cattle presence and logging have also been observed in smaller fragments (Jaña et al. 2007) . Similarly, Cochrane (2001) observed a greater number of fire events in smaller fragments of tropical forests, and Hobbs (2001) more cattle presence in smaller fragments of Australian forests. Thus, the positive relationship between fragmentation and degradation seems to be a common pattern. In addition, our results suggest that human impact has mainly occurred in lowlands, which is a pattern frequently documented in fragmentation studies (Lindenmayer & Fischer 2006) . Fragmentation has been observed to affect species richness both negatively and positively, depending on the biogeographical origin of species (Saunders et al. 1991 , Tabarelli et al. 1999 , Fahrig 2003 , Teo et al. 2003 , Lindenmayer & Fischer 2006 . Our findings support the hypothesis that fragmentation causes an increase in exotic plant invasion as we found a positive significant relationship between the fragmentation index and exotic richness. Thus, our results are consistent with many other studies about the effect of fragmentation on invasion which have generally shown a increase of exotic invasion within fragments relative to continuous or larger fragments (e.g. Harrison 1999 , Hobbs 2001 , Rouget et al. 2002 , and a positive edge effect (e.g. Brothers & Spingarn 1992 , Meiners & Pickett 1999 , Hobbs 2001 , Bustamante et al. 2003 . It is probable that increase of light in smaller fragments (Chen et al. 1995) may be enhancing exotic invasion (Saunders et al. 1991 , Murcia 1995 . Also, in smaller fragments interior sites (where sampling was performed) are closer to edges than the interior of larger fragments. Hence, the interior of smaller fragments is closer to the propagule source of exotic species growing in the matrix and dispersal of seeds of exotic species is more probable (e.g. Cadenasso & Pickett 2001) .
On the other hand, despite we observed only a marginally significant relationship between native species richness and fragmentation, the trend was clearly negative, similar to our hypothesis. It is probable that the low number of fragments has limited the statistical power to get a significant negative relationship. Then, this result is concordant to other studies documenting negative effects of fragmentation on native biodiversity (e.g. Saunders et al. 1991 , Soulé et al. 1992 , Gilliam et al. 1995 , Laurance et al. 1998 , Tabarelli et al. 1999 , Hersperger & Forman 2003 , Lindenmayer & Fischer 2006 , Echeverría et al. 2007 , Schmitt et al. 2010 . As with exotic species, environmental changes produced by fragmentation (Chen et al. 1995 , Murcia et al. 1995 may be detrimental for some forest-specialist native species. Therefore, our results suggest that fragmentation affects inversely to native and exotic species in this region.
Forest degradation has strong implications for habitat quality of wildlife as well as for plant species themselves (Hobbs & Huenneke 1992 , Gilliam et al. 1995 & Loster 1997). However, we did not find a significant relationship between native species richness and degradation. It is probable that human disturbances in studied forests have produced similar environmental changes than natural disturbances commonly observed in these forest-types (e.g. small-gap dynamic) (Saldaña & Lusk 2003 , Gutiérrez et al. 2004 , and hence native species are not being negatively affected by this forest degradation. By contrast, it was clear that exotic species were positively correlated with degradation, suggesting that exotic species may react faster than native ones to anthropic disturbances (e.g. Hobbs 2001 , Burns 2004 ). The positive correlation between number of livestock faeces and exotic species richness suggests that cattle plays a role in both degrading the sites and aiding arrival/colonization of exotic species (Hobbs 2001 , Brothers & Spingarn 1992 , D'Antonio 1993 . Thus, herbivores may well be important facilitators of invasion in this region. Therefore, these results suggest that degradation affects in different way but not inversely to native and exotic species. Our results suggest that the elevation range (300 to 800 masl) covered by transects had no influence on the number of native species despite we observed reduced fragmentation and degradation at higher sites. In contrast, we observed a slight although non-significant negative relationship between altitude and exotic species richness (P = 0.08). Thus, these results may be consistent to other studies documenting a decreasing invasion with altitude mediated by a increase in fragmentation and degradation levels (e.g. Wilson et al. 1992 , Schmitt et al. 2010 , Alexander et al. 2011 . The absence of a statistically significant correlation suggests that this may be a developing pattern while the invasion process occurs. It is unlikely that this slight trend has been produced by climatic effects of this altitudinal gradient as all fragments corresponded to the same forest type along this altitudinal gradient (Gajardo 1993) . Consistent with this, we observed no significant relationship between native species richness and altitude.
Currently there is much debate about the relationship between native and exotic species (Bruno et al. 2004 , Davies et al. 2005 . Recent studies have demonstrated dependence on the geographic scale of this relationship (Davies et al. 2005) . Generally, local scale studies have found a negative relationship between native and exotic species richness (Hobbs 2001 , Davies et al. 2005 , which could be explained by competition processes that are not applicable at larger scales (Hester & Hobbs 1992 , Huston 1999 . However, other studies at local scale have not found significant relationships, and in some others, the relationships have been positive (Bruno et al. 2004 , Chown et al. 2005 . As in several other locally-based studies (e.g. Bruno et al. 2004 , Chown et al. 2005 , we found no significant relationship between the richness of exotic and native species. Probably, different but not inverse effects of forest degradation on exotic and native species richness contributed to this result.
In conclusion, our results suggest that the human impact in forests of this region has affected plant communities. However, specific human-caused disturbances such as fragmentation and degradation affect differently to native and exotic species, being exotics facilitated by both degradation and fragmentation and natives only negatively affected by forest fragmentation. This suggests that management of exotic species should be focused on reducing internal degradation of remnant forests as well as fragmentation and probably edge effects. In turn, in order to conservate native species management should be focused on reducing fragmentation and edge effects.
